Abstract The reaction of 4-(4-chlorophenyl)-2-mercapto-6-oxo-1,6-dihydropyrimidine-5-carbonitrile 1 with benzylidenemalononitrile and/or methyl iodide has yielded dihydropyrimido[1,2-a]pyrimidine derivative 5 and methylthio derivative 6 respectively. Thiated product 7 was cyclized with chloroacetonitrile to give thienopyrimidine derivative 9. Compound 6 was reacted with hydrazine hydrate to give diaminopyrimidine derivative 10. Reaction of 10 with different reagents afforded tetrazolopyrimidine, triazolopyrimidine and pyrimidotriazepine derivatives 11-22. The antimicrobial activity was studied against examples of Gram-positive and Gram-negative bacteria using Tetracycline (Antibacterial agent) and Amphotericin B (Antifungal agent) as standard.
Introduction
Pyrimidine compounds have a wide range of application in medicine due to their pronounced biological activity. Many of these compounds provided to be active analgesic (El-Gazzar et al., 2008) anti-depressive (Wardakhan et al., 2008) , antiinflammatory (Amr et al. 2006; El-Gazzar et al., 2009; Goudar et al., 2012) , anticonvulsant (Alam et al., 2010) , antimicrobial (El-Agrody et al., 2006; Kumar et al., 2009; Narayana et al., 2009; El-Sayed et al., 2012) and anti-tumour (Cordeu et al., 2007) . Also, many thieno [2,3-d] pyrimidine derivatives were covered by patents as phospho-diesterase inhibitors (Ghakraborti et al., 2003) . However, the development of simple, facile and efficient methodologies to get five and six membered heterocycles is one of the major aspects in organic synthesis. This stimulated our interest for the synthesis of new thienopyrimidine, diaminopyrimidine and triazolopyrimidine derivatives from cyclocondensation with different nucleophiles.
Results and discussion
In connection with our programme aiming to synthesize and evaluate the biological activity of fused heterocycles (Sayed et al., 1990; Abdelghani, 2001; Abdelghani et al., 2010) , we tried to investigate the possible utility of cyclic thiourea involved in the pyrimidine ring for the synthesis of condensed azolo, pyrimido and azapinopyrimidine derivatives. 1,3-Dipolar cycloaddition reaction of thioamide compounds to double and triple bonds are well known and documented (Hussain et al., 1985) . They have been widely used in the synthesis of various heterocyclic azoles and azines. In this report, we describe a new cycloaddition reaction of 2-mercaptopyrimidine with benzylidene malononitrile leading to a new example of novel pyrimidopyrimidine. Thus, the reaction of benzylidine malononitrile with mercaptopyrimidine did not give the expected pyrimidothiazine 3, but it resulted in the formation of cycloaddition adduct 4 which underwent base-induced ring transformation to pyrimidopyrimidine 5 under the Dimorth rearrangement. The structure of compound 5 was confirmed by its analytical and spectral data. IR spectrum of 5 showed an absorption bands at 2224, 1671 and 1360 cm À1 corresponding to C"N, C‚O and C‚S groups, respectively. Its 1 H NMR spectrum showed signals at d = 7.63-7.71 ppm for Ar-H and ethylenic proton, in addition to a singlet at d = 13.16 for NH (Scheme 1).
The formation of 5 from the reaction of 1 and 2 may be proceed via the formation of the non isolable Micheal type adduct, followed by the addition of nucleophilic sulphur to the cyano function and subsequent elimination of HCN to give 4 which afforded 5 through base-induced Dimorth rearrangement (Scheme 2).
Methylation of mercaptopyrimidine 1 yielded methylthio derivative 6. The formation of methylthio derivative was potentiated by its synthesis from methyl isothiourea and ethyl arylidene cyanoacetate (Ram et al., 1987) . Thiation of pyrimidinone 6 using P 2 S 5 in dry pyridine afforded thiated product 7 (Ram, 1989) which was alkylated by chloroacetonitrile to give 8. IR spectrum of 8 showed an absorption band at 2211 cm À1 corresponding to C"N group. Its 1 H NMR spectrum showed two singlets at d = 2.71 and 4.49 ppm for SCH 3 and CH 2 , respectively.
Base-induced intramolecular cyclization of 8 afforded thienopyrimidine derivative 9. IR spectrum of 9 showed absorption bands at 3324, 3221 cm À1 corresponding to NH 2 group, in addition to a band at 2197 corresponding to C"N group. 1 H NMR spectrum of 9 showed two singlets at d = 2.69 and 6.09 ppm for SCH 3 and NH 2 , respectively. Hydrazinolysis of 2-(methylsulfanyl)-6-oxo-1,6-dihydropyrimidine derivative 6 with hydrazine hydrate resulted in rearrangement (Badawy et al., 1985) affording diaminopyrimidine 10. IR spectrum of 10 showed absorption bands at 3429, 3283 corresponding to NH 2 , in addition to bands at 2204 and 1668 cm À1 for C"N and C‚O groups, respectively. While its 1 H NMR spectrum showed two broad singlets at d = 3.29 and 7.09 ppm corresponding to two NH 2 , and its Mass spectrum showed M + at 261 (100%). (Scheme 3).
Diaminopyrimidine derivative 10 seemed to be suitable for further heterocyclization affording azolo, azino and triazepino ring joined to pyrimidine nucleus. Thus, diazotization of compound 10 provided tetrazolopyrimidine 11. IR spectrum of 11 showed absorption bands at 2227 and 1656 cm À1 corresponding to C"N and C‚O groups, respectively. Its 1 H NMR spectrum showed a singlet at d = 8.92 ppm for NH.
13 C NMR spectrum of 11 showed signals at d = 83.86, 154.13, 154.48 ppm for pyrimidine carbons, 116.37 ppm for C"N, 164 ppm for C‚O and 128.86, 130.5, 132.81, 136 .57 ppm for aromatic carbons.
Cyclocondensation of compound 10 with formic acid and phthalic anhydride yielded triazolopyrimidine derivatives 12 and 13, respectively. IR spectrum of 12 showed absorption bands at 2223 and 1694 cm À1 corresponding to C"N and C‚O groups, respectively. Its 1 H NMR spectrum showed two singlets at d = 8.64 and 9.36 for N‚CH and NH, respectively. 13 H NMR spectrum of 13 showed two singlets at d = 7.60 and 10.04 ppm for NH and COOH, respectively.
Triazolopyrimidine derivative 14 was formed by addition of 10 to ammonium thiocyanate followed by ring-closure through the loss of H 2 S. IR spectrum of 14 showed absorption bands at 3433, 3231 cm À1 corresponding to NH, NH 2 groups, in addition to two bands at 2215 and 1650 cm À1 corresponding to C"N and C‚O groups, respectively. Its 1 H NMR spectrum showed two singlets at d = 7.82 and 9.86 ppm for NH 2 and NH, respectively. While, triazolopyrimidine derivative 15 was obtained by heating 10 with carbon disulphide in pyridine the IR spectrum of 15 showed absorption bands at 2237 and 1643 cm À1 corresponding to C"N and C‚O groups, respectively. Its 1 H NMR spectrum showed signals at d = 8.10 and 8.94 ppm for two NH. Compound 15 was alkylated using methyl iodide to form compound 16. IR spectrum of 16 showed absorption bands at 2217 and 1685 cm À1 corresponding to C"N and C‚O groups, respectively. Its 1 H NMR spectrum showed two singlets at d = 2.61 and 3.25 ppm for SCH3 and NCH 3 , respectively.
13 C NMR spectrum of 16 showed signals at d = 13.32 ppm for CH 3 , 34.19 ppm for CH 3 , 120.64, 128.57, 134.81 ppm for pyrimidine carbons, 116.42 ppm for C"N, 168.11 ppm for C‚O, 120.78, 120.82, 120.67, 130.31, 136 .16 ppm for aromatic carbons and 144.33 ppm for C‚N of the triazole ring. Furthermore, compound 10 was condensed with benzaldehyde to give phenylmethylidene amino derivative 17. IR spectrum of 17 showed absorption bands at 2209 and 1667 cm À1 corresponding to C"N and C‚O groups, respectively. Its 1 H NMR spectrum showed two singlets at d = 12.44 and 12.58 ppm for two NH.
13 C NMR spectrum of 20 showed signals at d = 86.59, 147.24, 153.43 for pyrimidine carbons, 116.85 for CN, 128.01, 128.37, 128.41, 130.09, 130.32, 133.54, 134.86, 135.84 Synthesis and antimicrobial evaluation of some new pyrimidines and condensed pyrimidinesIR spectrum of 18 showed absorption bands at 2211 and 1668 cm À1 corresponding to C"N and C‚O groups, respectively. Its 1 H NMR spectrum showed one singlet at d = 12.65 ppm for NH. Triazolopyrimidine derivative 19 was prepared by condensation of compound 10 with ethyl 2-cyano-3,3-bis(methylthio)acrylate. IR spectrum of 19 showed absorption bands at 2237, 1724 and 1643 cm À1 corresponding to C"N, ester C‚O and amide C‚O groups, respectively. Its 1 H NMR spectrum showed a triplet at d = 1.27 ppm and a quartet at d = 4.21 for CH 3 CH 2 , in addition to two singlets at d = 3.17 and 11.83 ppm for CH and NH, respectively (Scheme 4).
Heterocyclization of 10 with 1,3-bifunctional reagents resulting in the formation of triazepine nucleus. Thus, the triazepine derivatives 20, 21 and 22 were obtained by condensation of compound 10 with ethyl acetoacetate, ethyl cyanoacetate and/or acetyl acetone respectively. IR spectrum of 20 showed absorption bands at 2226 and 1644 cm À1 corresponding to C"N and C‚O groups, respectively. Its 1 H NMR spectrum showed three singlets at d = 1.9, 2.27 and 5.37 ppm for NH, CH 3 and CH 2 , respectively. IR spectrum of 21 showed absorption bands at 2217 cm À1 corresponding to C"N group, in addition to bands at 1700, 1653 cm À1 corresponding to two C‚O groups. Its 1 H NMR spectrum showed three singlets at d = 10.04, 10.32 and 12.36 for NH 2 and two NH, respectively. IR spectrum of 22 showed absorption bands at 2217 and 1673 cm À1 corresponding to C"N and C‚O groups, respectively. Its 1 H NMR spectrum showed two singlets at d = 2.25 and 2.62 ppm for two CH 3 , in addition to a singlet at d = 6.33 ppm for NH (Scheme 5).
Evaluation of the antimicrobial activity
Compounds 5, 10, 11, 13, 14, 15, 17 , 21 and 22 were tested for in vitro antimicrobial activity against microorganisms representing Gram-positive bacteria (Staphylococcus aureus), Gram-negative bacteria (Escherichia coli) and fungi (Aspergillus flavus and Candida albicans), using agar well diffusion assay (Amir et al., 2008) at 20 lg/ml. Tetracycline was used as antibacterial agent and amphotericin B as antifungal agent standards. Zones of inhibition around the disc were observed. The screening results given in Table 1 indicate that all compounds have antibacterial activities against the tested microorganisms except compound 22 against S. aureus. While, the antifungal activity was recorded only for compound 14 which showed pronounced activity against C. albicans.
Experimental
All melting points are uncorrected. IR spectra (KBr) were run on a Unicam SP 1200G infrared spectrophotometer. Scheme 4 and 13 C NMR spectra (DMSO-d 6 ) were run on a Varian spectrometer (300 MHz) with a T.M.S. as internal standard. Mass spectra (MS) were recorded on a Shimadzu Qp-2010 Plus mass spectrometer at 70 eV. Elemental analyses and in vitro antimicrobial activities were carried out at the Micro Analytical Center, Cairo University. Compounds 1, 6 and 7 were prepared by the procedures described in the literature (Ram et al., 1987; Ram, 1989) .
A mixture of 1 g 1 (3.7 mmol) and 0.58 g benzylidene malononitrile (3.7 mmol) in 50 ml ethoxide solution (prepared by dissolving 0.085 g Na (3.7 mmol) in 50 ml absolute ethanol) was refluxed for 6 h, cooled and poured onto cold water containing few drops of HCl. The solid formed was filtered off, washed with water then dried and recrystallized from benzene to give 5.
Yield 
4-(4-Chlorophenyl)-6-[(cyanomethyl)thio]-2-(methylthio)pyrimidine-5-carbonitrile (8)
A mixture of 1 g 7 (3.4 mmol) and 0.25 g chloroacetonitrile (3.4 mmol) in 50 ml dry acetone was refluxed for 6 h, cooled and poured onto cold water. The solid formed was filtered off, washed with water then dried and recrystallized from nbutanol to give 8. 
5-Amino-4-(4-chlorophenyl)-2-(methylthio)thieno[2,3-d]pyrimidine-6-carbonitrile (9)
A mixture of 1 g 8 (3 mmol) and catalytic amount of triethyl amine in 30 ml DMF was refluxed for 4 h, cooled and poured onto cold water containing few drops of HCl. The solid formed was filtered off, washed with water then dried and recrystallized from EtOH to give 9.
Yield 4.4. 4-4(Chlorophenyl)-2-hydrazinyl-6-oxo-1,6-dihydropyrimidine-5-carbonitrile 6 and 1,2-Diamino-4(4-chlorophenyl)-6-oxo-1,6-dihydropyrimidine-5-carbonitrile (10) A mixture of 1 g 6 (3.6 mmol) and hydrazine hydrate (2 ml) in 50 ml EtOH was refluxed for 6 h. The formed precipitate after cooling was filtered off, dried and recrystallized from n-butanol to give 10. O (261.66); Calcd: C, 50.49; H, 3.08; N, 26.76; Found: C, 50.51; H, 3.10; N, 26.68. 4.5. 5-(4-Chlorophenyl)-7-oxo-4,7-dihydrotetrazolo[1,5-a]pyrimidine-6-carbonitrile (11) A stirred cold solution of compound 1 g 10 (3.8 mmol) in acetic acid (20 ml) was treated drop wise with a cold solution of 0.26 g NaNO 2 (3.8 mmol) in water (5 ml). The reaction mixture was further stirred for 30 min. and the separated solid (12) A mixture of 1 g 10 (3.8 mmol) and formic acid (25 ml) was refluxed for 6 h, cooled then poured onto cold water. The solid formed was filtered off, dried and recrystallized from EtOH to give 12.
Yield : (13) A mixture of 1 g 10 (3.8 mmol) and 0.56 g phthalic anhydride (3.8 mmol) in acetic acid (50 ml) was refluxed for 8 h. The formed precipitate after cooling was filtered off, dried and recrystallized from acetic acid to give 13.
Yield: 0.7 g (47%); white crystals; m.p. 268-270°C. IR: 3437, 3280 (NH, OH), 3029 (CH), 2221 (C"N), 1741 (carboxylic C‚O), 1648 (amidic C‚O) cm (14) A mixture of 1 g 10 (3.8 mmol) and 0.28 g ammonium thiocyanate (3.8 mmol) in n-butanol (50 ml) was refluxed for 2 h. The formed precipitate after cooling was filtered off, dried and recrystallized from n-butanol to give 14.
Yield : A mixture of 1 g 10 (3.8 mmol) and CS 2 (0.5 ml) in 15 ml pyridine was refluxed for 6 h, cooled then poured onto ice-water mixture containing few drops of HCl. The solid formed was filtered off, washed with water then dried and recrystallized from n-butanol to give 15. A mixture of 1 g 15 (3.2 mmol), methyl iodide (3.2 mmol) and K 2 CO 3 0.88 g (6.4 mmol) in 30 ml DMF was stirred at r.t. for 3 h, poured onto cold water and The solid formed was filtered off, washed with water then dried and recrystallized from nbutanol to give 16. = 13.32(CH 3 ), 34.19(CH 3 ), 120.64, 128.57, 134.81 (pyrimidine carbons), 116.42 (CN), 168.11 (C‚O), 120.78, 120.82, 120.67, 130.31, 136.16 , 50.68; H, 3.04; N, 21.11; Found: C, 50.72; H, 3.11; N, 20.98. 4.11. 3-(Benzylideneamino)-6-(4-chlorophenyl)-2-imino-4-oxo-1,2,3,4-tetrahydropyrimidine-5-carbonitrile (17)
A mixture of 1 g 10 (3.8 mmol) and benzaldehyde (3.8 mmol) in acetic acid (50 ml) was refluxed for 4 h. The formed precipitate after cooling was filtered off, dried and recrystallized from acetic acid to give 17. H, 3.46; N, 20.02; Found: C, 61.92; H, 3.35; N, 20.11. 4.12. 5-(4-Chlorophenyl)-7-oxo-2-phenyl-4,7-dihydro[1,2,4]triazolo[1,5-a]pyrimidine-6-carbonitrile (18) A mixture of 1 g 17 (2.8 mmol) and Br 2 (2.8 mmol) in pyridine (30 ml) was stirred at r.t. for 1 h and poured onto cold water. The formed precipitate was filtered off, dried and recrystallized from n-butanol to give 18. A mixture of 1 g 10 (3.8 mmol) and 0.82 g ethyl 2-cyano-3,3-bis(methylthio)acrylate (3.8 mmol) in DMF (20 ml) was refluxed for 1 h, cooled and poured onto cold water. The formed precipitate was filtered off, dried and recrystallized from acetic acid to give 19.
Yield: 0. (22) 4.14.1. General procedure A mixture of 1 g 10 (3.8 mmol) and ethyl acetoacetate, ethyl cyanoacetate and/or acetyl acetone (3.8 mmol) in acetic acid (50 ml) was refluxed for 6 h. The formed precipitate after cooling was filtered off, dried and recrystallized from the proper solvent to give 20, 21 and 22, respectively. 
